Nonresolving inflammation is a hallmark of many types of tumors and the molecular mechanisms maintaining this inflammation are still largely unknown. In a two-stage carcinogenesis model, we observed here that the lack of IFN-g receptor or neutralization of IFN-g accelerated spontaneous papilloma regression in mice. The impaired maintenance of local inflammation was associated with reduced IFN-g and enhanced biosynthesis of proresolution lipid mediator lipoxin A4 (LXA4). Interestingly, blocking LXA4 eliminated the effect of anti-IFN-g, whereas treatment of mice with a therapeutic dose of LXA4 accelerated papilloma regression in an IFN-g-independent manner. These results link for the first time a cytokine-dependent maintenance of inflammation with a downregulated production of proresolution lipid mediators. Strategies promoting spontaneous resolution of chronic inflammation by blocking IFN-g and/or increasing LXA4 may be useful for the treatment of inflammation-associated tumors. Cancer Res; 73(6);
Introduction
Persistent inflammation failing to resolve is an inherent risk in tumor pathogenesis (1) . Inflammatory cells and soluble mediators such as cytokines and chemokines significantly contribute to an environment aiding tumor-cell survival and proliferation (2) . Recently, tumor-related inflammation has become a target in tumor therapy (3, 4) . In clinical epidemiologic studies, nonsteroidal anti-inflammatory drugs such as aspirin are found to prevent tumor occurrence and recurrence. This subsequently reduces the risk of inflammation-related tumors bearing a specific risk of malignant transformation, such as colorectal adenomas (5, 6) . Determining key modulators in inflammation resolution and understanding their role during tumorigenesis will help to define new therapeutic targets.
Papilloma development in mice after application of 7,12-dimethylbenz(a)anthracene (DMBA) and subsequently repeated 12-O-tetradecanoylphorbol-13-acetate (TPA) is a well-characterized animal model for analyzing the effect of inflammation on tumor development (7) . Interestingly, without the continuous support of TPA-induced inflammation, a good percentage of papillomas can regress spontaneously, but so far little is known about the underlying molecular mechanisms of inflammation resolution and spontaneous papilloma regression (8, 9) .
Inflammation resolution has been recognized as an active process involving lipid mediators such as lipoxin A4 (LXA4; ref. 10) . LXA4 can reduce and stop neutrophil infiltration in inflamed tissues, stimulate nonphlogistic recruitment and phagocytosis of macrophages, inhibit inflammatory molecule production by leukocytes and fibroblasts, restore vascular permeability to homeostasis, and limit endothelial cell migration (11, 12) . The conversion of arachidonic acid to LXA4 is catalyzed by transcellular pathways involving sequential action of lipoxygenases (LOX), such as 15-and 5-LOX mainly in human tissues, whereas 5-and 12-LOX during leukocyteplatelet interaction (13) . Investigating the regulatory relationship between LXA4 and inflammatory cytokines can help us to understand the inflammation resolution.
Many studies have shown that LXA4 or its analogs can suppress the expression of IFN-g or IFN-g-induced genes in vitro and in vivo (14) (15) (16) (17) . On the other hand, almost 20 years ago, it has been reported that cytokine interleukin (IL)-4 or -13 mediates upregulation of 15-LOX expression in human blood monocytes in vitro and IFN-g inhibits this process (18, 19) . However, until now it is still not clear how proinflammatory cytokines interact with the proresolution lipid mediators in vivo.
We previously showed that IFN-g promoted papilloma development via upregulation of local IL-17 and inflammatory response in the DMBA/TPA model (20) . However, the role of IFN-g during inflammation resolution and spontaneous papilloma regression is still to be investigated. Here, we specifically asked how IFN-g acts during inflammation resolution and spontaneous papilloma regression. We report that accelerated papilloma regression and inflammation resolution after neutralization of IFN-g were related to enhanced generation of proresolving lipid mediator LXA4. Inhibiting LXA4 eliminated the effect of IFN-g neutralization on papilloma regression. In accordance, LXA4 treatment attenuated the effect of IFN-g in the maintenance of papillomas and nonresolving inflammation. These results shed new light on understanding the dynamic balance between proinflammatory factors and proresolution mediators and may help to develop novel strategies for the treatment of inflammation related diseases, such as cancer.
Materials and Methods

Mice
Wild-type 129/Sv/Ev (WT) and IFN-g receptor knockout (IFN-gR-KO) mice on the 129/Sv/Ev background were inbred strains purchased from The Jackson Laboratory. All mice were bred in a specific pathogen-free environment at the Institute of Biophysics, Chinese Academy of Sciences (Beijing, China). Sexand age-matched mice (6-to 8-week old) were used. Animal experiments were carried out with the approval of the Institutional Laboratory Animal Care and Use Committee.
Skin tumorigenesis
Papillomas and local inflammation were induced as described before (20) . In brief, an area of 200 mm 2 dorsal skin was shaved in every mouse and 25 mg DMBA (Sigma) in 100 mL acetone was administered to the shaved skin. One week after single DMBA application, 4 mg TPA (Sigma) in 100 mL acetone was painted to this area twice a week for 14 weeks. Lesions with a minimum diameter of 1 mm for at least 2 weeks were defined as a papilloma. The size of a papilloma was determined by its length Â width in mm 2 . The sum of sizes of all single papillomas was recorded as the total area of papillomas in a mouse (21) . At different time points after TPA withdrawal, the papilloma number and total area of each mouse was compared with that at week 0. The mice whose papilloma number or total area was getting smaller for at least 2 weeks were recognized as regressors and others as nonregressors. Percentage reduction of papilloma number at every time point ¼ [(papilloma number at each week -papilloma number at week 0) / papilloma number at week 0] Â 100%. Percentage shrinkage of papilloma area at every time point ¼ [(papilloma area at each weekpapilloma area at week 0) / papilloma area at week 0] Â 100%.
Treatment regimen
After TPA withdrawal, papilloma-bearing mice were randomly divided into groups with similar average tumor numbers per mouse. For neutralizing endogenous IFN-g, mice were injected with the rat anti-mouse IFN-g monoclonal antibody (mAb; R4-6A2; ref. 20) or with an isotype-matched control mAb [rat immunoglobulin G (IgG)] as control. Antibodies (0.3 mg per mouse) were administered once a week by intraperitoneal injection. For LXA4 treatment, mice were injected intraperitoneally with 100 ng LXA4 (Cayman) in 200 mL PBS twice a week. LXA4 was stored at À80 C and in dark. The structural integrity of LXA4 was confirmed before and after use (Supplementary Fig. S1 ). For t-butoxycarbonyl-Phe-Leu-Phe-LeuPhe (BOC2) treatment blocking the LXA4 receptor (LXA4R; ref. 22 ), mice were injected intraperitoneally with 10 mg BOC2 (GeneScript) in 200 mL PBS twice a week. Mice treated with 200 mL PBS served as controls.
Cell proliferation and apoptosis assays
To label proliferating cells, mice were injected intraperitoneally with 2 mg bromodeoxyuridine (BrdUrd; Sigma) in 200 mL PBS, 6 hours before sacrifice. Paraffin sections of papillomas in 6 mm were simultaneously incubated with mouse anti-BrdUrd (ZBU30; Zhongshan Goldenbridge) and rabbit anti-cytokeratin (CK; Abcam) antibodies. Primary Ab binding was assessed using Alexa Fluor 488-conjugated goat anti-mouse IgG or Alexa Fluor 555-conjugated goat anti-rabbit IgG (Invitrogen). Apoptotic papilloma cells were identified by cytokeratin staining and terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) using the DeadEnd TUNEL Systems (Promega). Nuclei were counterstained with 4 0 -6-diamidino-2-phenylindole (DAPI; Sigma). At least 3 sections per papilloma, 2 papillomas per mouse were observed, and images of 2 high-power fields (HPF) from 1 section were taken by fluorescence microscopy (Olympus).
Real-time PCR
Total RNA was extracted from papillomas (less than 1 cm in length, noninvasive, and not ulcerated) as well as skin from untreated mice for control and cDNA was synthesized from 2 mg total RNA. Real-time reverse transcription-PCR was done with a RealMasterMix SYBRGreen Kit (Tiangen Biotech) using a Corbett Rotor-Gene real-time PCR detection system (Qiagen). The following primers were designed using PrimerBank or published sequences ( 
Cytokine analysis
The lysates of papillomas (less than 1 cm in length, noninvasive, and not ulcerated; 200 mg/mL) or cell supernatants were centrifuged at 12,000 rpm for 30 minutes at 4 C (20) . The protein levels of cytokines were detected by ELISA or Cytometric Bead Arrays (CBA), all according to the manufacturers' instructions (BD Pharmingen).
LXA4 analysis
Tissue lysates (50 mg in 500 mL) prepared as described earlier were mixed with 1 mL methanol, stored at À80 C overnight, and centrifuged at 12,000 rpm for 30 minutes at 4 C. Clear lysates diluted with 7.5 mL deionized water were acidified to pH 3.5 with 1 N HCl and immediately loaded onto preconditioned C18 Sep-Pak VAC columns (Waters Corporation). Columns were washed with 5 mL deionized water followed by 5 mL hexane. Eluted methyl formate fractions (total 2 mL) were evaporated under a gentle N 2 stream, reconstituted and assayed for LXA4 by ELISA as described in the manufacturers' instructions (Neogen).
Immunohistological staining
For inflammatory cell detection, cryostat tissue sections were stained with rat-derived anti-CD4 (H129.19), anti-CD8 (53-6.7), anti-Gr1 (RB6-8C5), anti-CD11b (M1/70), anti-B220 (RA3-6B2), and isotype-matched control mAbs (all from BD Pharmingen) in combination with Alexa Fluor 555-conjugated goat anti-rat IgG (Invitrogen). Sheep anti-mouse 15-LOX antibody (Cayman) was combined with rhodamine-conjugated donkey anti-sheep IgG (Jackson Immunoresearch). All sections were counterstained with DAPI. At least 3 sections per papilloma, 2 papillomas per mouse were observed, and images of 2 HPFs from 1 section were taken by fluorescence microscopy (Olympus).
Flow cytometry
Single-cell suspensions were prepared from spleens and stained for Th17 cells, regulatory T cells (Treg) or Gr1 
Statistical analysis
The comparisons between groups were analyzed with GraphPad Prism 5 software (GraphPad) using one-way ANOVA in Fig. 1D and E, and two-tailed, unpaired Student t test in other figures. Differences were considered significant when P values were less than 0.05.
Results
Spontaneous regression of papillomas was accompanied by a decrease of local IFN-g
To investigate the role of IFN-g in maintaining sterile inflammation and tumor persistence, we established papillomas by DMBA/TPA treatment of WT 129/Sv/Ev mice as described before (20) . Spontaneous papilloma regression was observed after 14-week TPA application (Fig. 1A) . We artificially separated tumor-bearing mice into 2 groups, namely, mice with regressing tumors (regressors) and mice with nonregressing tumors (nonregressors) as described in the Materials and Methods. Analysis showed that IFN-g expression in papillomas of regressors was significantly lower than that of nonregressors both at the mRNA and protein levels ( Fig. 1B and   C ). Furthermore, in the regressors, the expression of IFN-g in papillomas decreased over time ( Fig. 1D and E) . The results suggested an important role of local IFN-g in the maintenance of papillomas.
IFN-gR deficiency promoted papilloma regression
We then asked if the lack of IFN-g signaling favored spontaneous regression of papillomas. Upon the treatment with DMBA/TPA, all 14 of 14 WT 129/SV/EV control mice and 9 of 14 IFN-gR-KO mice developed papillomas. The first mouse with regressing papilloma number appeared at week 4 and belonged to the IFN-gR-KO group, 2 weeks earlier than that in WT group. At week 8, more than 78% of IFN-gR-KO, whereas only 33% of WT mice had regressing papilloma Figure 1 . Spontaneous regression of papillomas was accompanied by a decrease of IFN-g expression. A, experiment design for analysis of inflammation resolution and papilloma regression. Short arrows represent DMBA/TPA treatments in mice. Papilloma number and area were observed after TPA withdrawal. Eight weeks after TPA withdrawal, the relative mRNA (B) and protein (C) expression of IFN-g in papillomas from regressors and nonregressors were detected. Papilloma-bearing mice at week 0 and regressors at week 5 (5 weeks without TPA) or week 8 (8 weeks without TPA) were randomly sacrificed and all papillomas were homogenized. The dynamic change of relative IFN-g mRNA (D) and protein (E) levels in papillomas was determined over time. The mRNA expression was detected by real-time PCR and protein level was measured by ELISA. Shown are mean fold increase (AESEM) in IFN-g expression from more than 3 mice per group, with skin tissue from untreated mice as control (defined as 1). Ã , P < 0.05.
numbers ( Fig. 2A) . Furthermore, the speed of papilloma number regression in IFN-gR-KO group was approximately 0.68 papillomas per week, higher than 0.37 of WT (Fig. 2B ). Among mice with papilloma area regression, the papilloma area shrunk by 86.5% in IFN-gR-KO group 8 weeks after TPA withdrawal, whereas only by 34.7% in WT group (Fig. 2C) . These results showed that IFN-gR deficiency promoted papilloma regression.
Blocking endogenous IFN-g accelerated papilloma regression
The enhanced spontaneous papilloma regression in IFN-gR-KO mice may be due to other inherent or developmental defect in these mice (20, 24) . Therefore, the WT mice with established papillomas were treated with an anti-IFN-g mAb after the stop of TPA application. The average papilloma number began to decrease significantly at week 6 in the anti-IFN-g group, but did not for at least 10 weeks in the control group. At week 10, the mean papilloma number in control group was 9.3 AE 1.9; however, anti-IFN-g treatment accelerated the tumor regression significantly to 3.4 AE 1.3 (Fig. 3A) . As for tumor size, the speed of area shrinkage in mice with decreased papilloma area of anti-IFN-g group was also significantly higher than that of control (Fig. 3B) . Consistently, more mice with complete papilloma regression were observed in anti-IFN-g group than that in control (Fig. 3C) . Taken together, the results suggested that IFN-g maintained the persistence of papillomas.
Decreased proliferation and increased apoptosis of epithelial cells in the absence of IFN-g
To understand the possible mechanism underlying the accelerated papilloma regression in the absence of IFN-g, mice were injected with BrdUrd before sacrifice at week 10. The proliferation of local epithelial cells was analyzed by immunohistochemistry and at the same time, apoptosis of these cells was detected by TUNEL. As shown in Fig. 3D , papillomas in mice treated with anti-IFN-g mAb had significantly less proliferating (BrdUrd þ CK þ ) epithelial cells and more apoptotic (TUNEL þ CK þ ) epithelial cells than control mice. Interestingly, proliferating epithelial cells were located in the middle of papillomas and apoptotic epithelial cells were found on the outer layer of papillomas. This suggested that the proliferation of papillomas required the tumor stroma-derived factors.
IFN-g maintained inflammation in papilloma tissues
Nonresolving inflammation in tumor stroma supports viability and proliferation of tumor cells (4). Upon 10-week neutralization of endogenous IFN-g, several proinflammatory cytokines, such as TNF-a, IL-6, -17, and the monocyte chemotactic protein-1 (MCP1) were significantly reduced in papilloma tissues. In contrast, the local protein levels of IL-10, -2, and -4 did not respond significantly to anti-IFN-g treatment (Fig. 4A) . As for local infiltrating leukocytes, Gr1
þ cells were significantly reduced in papillomas of anti-IFN-g-treated group (Fig. 4B) . However, there was no significant difference in the numbers of CD8 þ T cells ( spleens of tumor-bearing mice compared with untreated mice, but there was no significant difference between control and anti-IFN-g groups, indicating the number of these immune regulatory cells in spleen did not make contributions to the accelerated papilloma regression (Fig. 4C) . Rather the local inflammatory microenvironment established by the infiltrating immune cells and increased proinflammatory cytokines in papilloma tissue contributed to the proliferation of epithelial cells.
LXA4 was a critical mediator in the accelerated papilloma regression
Inflammation resolution has been recognized as an active process induced by a series of lipid mediators that can inhibit the accumulation of leukocytes, the generation of inflammatory cytokines, and promote the clearance of apoptotic cells (11). Interestingly, the expression of LXA4 was upregulated in papilloma tissues compared with skin tissues from untreated mice and a significantly much more higher level of LXA4 was detected in papillomas after 8-week anti-IFN-g treatment than that of isotype control (11.92 AE 0.83 ng/g vs. 6 .88 AE 0.47 ng/g; Fig. 5A ). However, the role of LXA4 in papilloma regression, especially in the accelerated papilloma regression induced by anti-IFN-g treatment is largely unknown. By in vivo study, we found that administration of LXA4 in papillomabearing mice facilitated a faster regression of papilloma numbers compared with control group that did not receive LXA4 (Fig. 5B ). Yet, injection of anti-IFN-g mAb together with LXA4 did not lead to an additive effect on accelerating papilloma regression (Fig. 5B) . To further confirm the critical role of LXA4 in the accelerated papilloma regression induced by neutralization of IFN-g, we inhibited the LXA4 pathway in IFNg-neutralized papilloma-bearing mice. Blocking LXA4R with the antagonist BOC2 abrogated the acceleration of papilloma regression induced by neutralizing IFN-g as shown by average numbers of papillomas (Fig. 5C ). After 8-week BOC2 treatment, the elevated LXA4 generation induced by anti-IFN-g treatment was not influenced in papillomas, despite the reduced rate of papilloma regression (Supplementary Fig. S2 ). The histologic analysis by hematoxylin and eosin (H&E) staining also showed an accelerated papilloma regression in mice with 8-week anti-IFN-g and/or LXA4 treatment ( Supplementary Fig. S3 ). These results indicated that IFN-g inhibited papilloma regression by downregulating LXA4-mediated inflammation resolution and therapeutic LXA4 treatment counteracted the suppression of papilloma regression by endogenous IFN-g.
The lipoxygenase 15-LOX was involved in IFN-g-mediated downregulation of LXA4
It is known that LXA4 can be synthesized through 15-and 5-LOX pathway or 5-and 12-LOX pathway (13) . Here, we analyzed the expression of the three LOXs important for lipid mediator generation after 8-week anti-IFN-g treatment in papillomas. The mRNA expression of 5-and 12-LOX had no difference between control and anti-IFN-g groups (Fig. 6A) . However, the mRNA expression of 15-LOX in anti-IFN-g group was more than 3 times higher than that in control group (Fig.  6A) . In situ, significantly more 15-LOX þ cells were found in the tumor stroma of anti-IFN-g group compared with the control (Fig. 6B ). All these suggested that IFN-g could downregulate LXA4 synthesis by inhibiting 15-LOX expression.
All together, IFN-g maintained the sterile inflammation by regulating 15-LOX-LXA4 synthesis pathway. Blocking IFN-g or increasing LXA4 could break the dominance of proinflammatory factors and promote inflammation resolution and papilloma regression.
Discussion
The spontaneous regression of DMBA/TPA-induced papilloma is an ideal model to analyze the effects of inflammation resolution on tumorigenesis. Here, we showed that blocking IFN-g accelerated the resolution of sterile inflammation and therefore enhanced the spontaneous regression of papillomas by upregulation of the proresolving molecule LXA4. This study provides new evidence for tumor therapy by promoting inflammation resolution.
Papilloma regression is not likely due to the enhanced antitumor immune response. (i) As a key cytokine in activating antitumor immunity, IFN-g should promote papilloma regression, but the results here were quite contrary (Figs. 2 and 3) . (ii) In this work, IFN-g maintained the infiltration of CD4 þ but not CD8 þ T cells in papillomas (Fig. 4B) , and CD4 þ T cells impaired the regression of papillomas ( Supplementary Fig. S4 ). (iii) IFNg did not influence the composition of immune regulatory cells (4), such as MDSCs and Tregs in spleen (Fig. 4C ), but it increased the infiltration of inflammatory cells, especially the Gr1 þ /CD11b þ cells (Fig. 4B ) in local papilloma tissues. Furthermore, studies from other laboratories show no evidence that papilloma regression is induced by antitumor immunity. Antigen-specific immunity toward mutant Ras or P53 protein fails to eradicate mutant oncogene-expressing epidermal cells and even induces a remarkable enhancement of tumor growth (25, 26) . T cells can promote papilloma development (21, 27, 28) and deficiency of CXCR3, an important chemokine receptor for T-cell recruitment, inhibits skin tumorigenesis (29) . Antithymocyte serum has no effect on papilloma regression (30) . Therefore, increased papilloma regression was not a process mediated by antitumor immunity. Papilloma regression is the result of impaired maintenance of sterile inflammation. Papilloma growth strictly depends on growth factors, cytokines, and reactive oxygen species provided by keratinocytes and infiltrating inflammatory cells activated by TPA (31) . If TPA treatment is stopped, TPA-dependent papillomas tend to regress, whereas TPA-independent papillomas can form autonomous benign lesions and some of them might progress to carcinoma (9) . IFN-g is a proinflammatory cytokine in papilloma environment. Acting on tumor epithelial cells, IFN-g can provoke proinflammatory cytokine production and leukocyte adhesion (32, 33) . We found that IFN-g was effective to promote TNF-a and IL-6 expression and enhance
þ , and CD11b þ cells in papilloma tissues ( Fig. 4A and B) . In accordance, IFN-g is elevated in many human inflammatory skin diseases, including UVA-induced squamous cell carcinoma (34, 35) . Besides, local IFN-g Figure 5 . IFN-g maintained papilloma persistence by downregulation of LXA4. A, concentration of LXA4 in papillomas of mice with 8-week isotype control or anti-IFN-g mAb treatment and in skin from untreated mice was detected by ELISA. Mean concentration of LXA4 (AESEM) from 3 to 6 mice per group is shown. Ã , P < 0.05. B, after TPA application was stopped, randomly grouped tumor-bearing mice were treated by LXA4 in combination with isotype control mAb (LXA4 group), LXA4 together with anti-IFN-g mAb (LXA4 and anti-IFN-g group), or isotype control mAb alone (control group). Shown are average numbers of papillomas per mouse (mean AE SEM) representative for 2 independent experiments. Ã , P < 0.05, compared with LXA4 group. C, after TPA painting was stopped, randomly grouped tumor-bearing mice were administered anti-IFN-g mAb in the presence of BOC2 (BOC2 group) or anti-IFN-g mAb alone (control group). Shown are average numbers of papillomas per mouse (mean AE SEM) representative for 2 independent experiments. Ã , P < 0.05, compared with control group. (36, 37) . Anti-IFN-g treatment has shown its therapeutic efficacy in many inflammatory skin diseases (35, 38) . All together, by mediating the talk between tumor, innate, and adoptive immune systems, IFN-g may play a central role in maintaining the inflammation loop during the development of skin tumors. However, blocking IFN-g did not affect the potential of malignant progression as shown in Supplementary  Table S1 , which indicated IFN-g-independent mechanisms for tumor malignant procession.
The inflammation resolution can be induced by regulating the balance between proinflammatory and proresolving factors (1). Proresolving LXA4 can induce the expression of the suppressor of cytokine signaling-2 (SOCS-2), subsequently suppressing the cytokine-activated JAK-STAT signaling pathway and impair cytokine-induced inflammation (22) . The therapeutic role of LXA4 has been reported in many acute inflammation models, including skin inflammation in mouse ear treated with TPA-containing croton oil (39) . As for chronic inflammation, a reduction of LXA4 generation was found in human ulcerative colitis (40) , cirrhosis (41) , and chronic myelogenous leukemia (42, 43) . Oral treatment with LXA4 analog effectively promoted colitis resolution in a hapten-induced mouse model of Crohn's disease (17) . In accordance, the antiinflammatory drug aspirin reduces colorectal cancer incidence and death rate of several common cancers (5) and a stable analog of LXA4 (carbon 15-epimeric lipoxin A4, 15-epi-LXA4) is an endogenous metabolic product of aspirin in vivo. With a higher proresolving efficacy compared with LXA4, this analog might be an important mediator for aspirin's protective effect in inflammation-associated tumors (11, 44) . Earlier studies from Claria and colleagues have shown that LXA4 and especially 15-epi-LXA4 have an antiproliferative effect on human lung adenocarcinoma cell line A549 in vitro (45) . Other studies indicated that these lipoxins may also inhibit tumor growth by suppressing angiogenesis (46) . Here, we found that LXA4 administration promoted the regression of DMBA/TPAinduced papillomas (Fig. 5B) and decreased the protein levels of several proinflammatory cytokines including IFN-g in papilloma tissue (Supplementary Fig. S5A ). This effect could be retarded by the antagonist BOC2 (Supplementary Fig. S5 ). Mice with only BOC2 treatment even showed a slightly higher level of TNF-a and MCP1 expression and an inhibited papilloma regression, compared with that treated with only PBS (Supplementary Fig. S5 ). This implied some potential effect of the low level LXA4 on the slow papilloma regression of control mice. Meanwhile, 15-epi-LXA4 was also efficient in accelerating inflammation resolution and eventually regression of papillomas ( Supplementary Fig. S5 ). Therefore, LXA4 and its analogs are important modulators in balancing the proinflammatory cytokines, providing a potential for the treatment of inflammation-associated tumors.
Here, for the first time, we found that blocking IFN-g can promote the generation of LXA4 in papilloma tissues (Fig. 5A) . Meanwhile, we cocultured skin fibroblasts and splenocytes to mimic the inflammatory environment in papillomas and found that by acting on fibroblasts, IFN-g could decline LXA4 generation in the coculture system, whereas blocking JAK-STAT-1 pathway could reverse the effect of IFN-g (Supplementary Fig.  S6A ). Consistently, of the 3 important LOXs in LXA4 generation, the 15-LOX expression was increased in papilloma tissues in response to IFN-g inhibition (Fig. 6A) . 15-LOX can switch eicosanoid production from proinflammatory leukotrienes and prostaglandins to proresolving lipoxins in human leukocytes (47) . Others have reported an important role of macrophage with increased 15-LOX expression for inflammation resolution (48, 49) . Our in vitro study showed that IFN-g repressed expression of 15-LOX not only in macrophages but also in skin fibroblasts from neonatal mice ( Supplementary  Fig. S6B-S6D ). Studies from other laboratory showed that IFN-g can attenuate IL-4-dependent mRNA stabilization of 15-LOX (50) . According to these results, we proposed that the persistent expression of IFN-g suppressed the expression of 15-LOX in fibroblasts/macrophages, and therefore, reduced the production of LXA4 both in vitro and in vivo.
In summary, nonresolving inflammation is a major driver of many diseases, especially tumors. The uncontrolled balance between proinflammation and proresolution factors can lead to nonresolving inflammation and tumor persistence (1) . Here, we show that blocking IFN-g accelerated regression of DMBA/ TPA-induced skin papillomas by upregulating lipid mediator LXA4 and this throws new light on tumor therapy with proresolving strategies.
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